Gingival inflammation is initiated by accumulation of bacteria on the tooth surface. Periodontitis occurs when the bacterially induced inflammatory process leads to destruction of the connective tissue and alveolar bone. Multiple bacterial species ranging from gram-positive streptococci to anaerobic gram-negative rods are associated with gingival inflammation (20) . Bacterial products present in the gingival sulcus may exert direct effects on destruction of the periodontal tissue. However, it is more likely that bacteria indirectly cause tissue destruction by activating host defense cells (20, 26) . It has been observed that there is an increase in the number of monocytes/macrophages in progressing periodontal lesions compared with that for nonprogressing sites, whereas the number of fibroblasts is reduced (31) . This suggests that monocyte/macrophage infiltration may be closely related to the pathogenesis and progression of periodontal lesions. However, little is known about the factors which initiate and regulate the recruitment of monocytes to the inflamed sites in bacterially induced periodontal disease.
Chemokines (intercrines) are a family of proinflammatory cytokines that were recently identified (reviewed in reference 15) . They share about 20 to 50% homology in their primary amino acid sequences and have four conserved cysteine motifs. They play important roles in acute and chronic inflammation and have immunoregulation functions. Accumulated evidence has shown that these cytokines participate in the inflammatory process by stimulating leukocytes. It is now believed that chemokines may be one of the principal secondary proinflammatory mediators. They can be divided into two subfamilies: the ao subfamily, which includes interleukin-8, melanoma growth stimulation factor (GRO/MGSA), platelet factor 4 (PF-4), and ,B-thromboglobulin , and the 1 subfamily, which includes monocyte chemoattractant protein 1 (MCP-1/JE), RANTES, and macrophage inflammatory protein la (MIP-lot) and MIP-11. The members of the a subfamily display chemotactic activity mainly for neutrophils while the members of the 1 subfamily * Corresponding author.
generally have chemotactic activity for monocytes. MCP-1 is the best characterized of the 1-subfamily chemokines.
In inflammatory conditions, monocytes are recruited by a process involving adhesion of circulating monocytes to the vascular endothelium, diapedesis, and migration of infiltrating monocytes to a site along gradients of chemotactic substances (4) . The production of chemotactic factors is an important aspect of inflammation. MCP-1 induces chemotaxis of circulating monocytes and is different from several other chemoattractants in that it is relatively specific for monocytes. Previous in vitro studies have shown that many normal or malignant cell lines express MCP-1. As a general rule, nontransformed cells are induced to express MCP-1, while it is often constitutively expressed by malignant cells (3, 10, 24) . Nontransformed cells which have the capacity to express MCP-1 in vitro include monocytes (5, 6, 29) , smooth muscle cells (23) , osteoblasts (27) , endothelial cells (17, 22) , fibroblasts (22) , and retinal pigment epithelial cells (8) . In vivo studies undertaken in our laboratory and by others support the concept that MCP-1 expression may be an important aspect of diseases with a chronic inflammatory component such as atherosclerosis (14, 28, 30) , idiopathic pulmonary fibrosis (2) , tumors (9) , and rheumatoid arthritis and osteoarthritis (25) (12) . In the samples described below, normal gingiva had GI = 0; moderately inflamed gingiva had GI = 1 or 2; and highly inflamed gingiva had GI = 3. Upon removal, gingival specimens were immediately fixed in 4% paraformaldehyde in phosphate-buffered saline (pH 8.0) for 1 to 3 h at 4°C. After fixation, the tissues were allowed to sink in 30% sucrose overnight at 4°C to decrease freezing artifacts. The fixed tissues were then embedded in optimum cutting temperature (OCT) compound (Miles) for cryostat sectioning. Sections of all of the 15 specimens were stained with hematoxylin and eosin, and the degree of inflammation was graded by microscopic examination (Table 1) . Microscopic examination and clinical observation were combined and the gingival samples were divided into three groups: normal gingiva (n = 3), moderately inflamed gingiva (n = 6), and highly inflamed gingiva (n = 6).
Immunohistochemistry. Frozen serial sections (5 to 6 ,um) from all of the 15 gingival specimens were used for immunohistochemistry. Tissue sections were incubated with MCP-1 antiserum (1:1,000 dilution). MCP-1-specific antiserum, raised against purified baboon smooth muscle cellderived MCP-1 in rabbits, is described in reference 10. As a negative control, different sections from the same specimen were incubated with nonimmunized normal rabbit serum. To identify the cell types which express MCP-1, serial frozen sections immediately adjacent to sections incubated with MCP-1 antiserum were used for immunostaining for monocytes/macrophages and T lymphocytes in four inflamed gingival specimens. The mouse monoclonal antibody EBM-11 (Dako Corp., Carpinteria, Calif.) was used to identify monocytes/macrophages as described in reference 11. The monoclonal antibody used to identify T lymphocytes was UCHT1, which is specific for T-cell-associated CD3 antigen (Dako Corp.). After the application of the primary antibodies, the slides were washed in phosphate-buffered saline and treated with 0.3% H202 in methanol to suppress the endogenous peroxidase activity. Antibodies were localized by an indirect immunoperoxidase technique (avidinbiotin-horseradish peroxidase complex) employing diaminobenzidine as a chromogen (Vector Laboratories, Inc., Burlington, Calif.). Slides were counterstained with hematoxylin.
In situ hybridization. MCP-1 expression at the mRNA level was determined by in situ hybridization according to the protocol we have previously described (2) . A full-length human MCP-1 cDNA probe subcloned in Bluescript SK (Stratagene) was generously provided by E. Appella (29 moderately inflamed, and three normal gingival specimens were counted. Inflammatory cells were counted with the use of a four-by-four grid and are defined in the legend to Fig. 7 . The correlation coefficient value (r) was calculated by Pearson product-moment correlations. The probability value (P) was obtained by treating (n -2)12r/(1 -r2)1/2 as coming from a t distribution with n -2 degrees of freedom (7, 19) . Scatter plots for tests A and B were generated with the complete statistical system (21) .
RESULTS
Experiments utilizing a monospecific MCP-1 antiserum were carried out to determine whether inflamed human gingival tissues expressed MCP-1 protein in vivo. Frozen sections from normal and moderately and highly inflamed gingival tissues were examined by incubation with MCP-1 antiserum. In Fig. 1 , the upper and middle panels show a section from highly inflamed tissue with a dense inflammatory infiltrate. The field shown in the upper panel is approximately 300 pum from the sulcular epithelium. Strongly positive MCP-1-expressing endothelial cells were found at inflammatory sites. Strongly positive MCP-1 expression was also apparent in monocyte-like cells. The pattern of MCP-1 expression observed in Fig. 1 was consistent with results from the six highly inflamed gingival specimens. Figure 2 shows a moderately inflamed gingival tissue. The field shown in the upper panel is approximately 400 ,um from the sulcular epithelium. Endothelial cells found in small blood vessels in the upper and middle panels of Fig. 2 were clearly positive for MCP-1 expression. MCP-1-expressing monocyte-like cells were also found at the inflamed site. The pattern of MCP-1 expression shown in Fig. 2 was representative of the results from the six moderately inflamed gingival samples. A section from a normal gingival specimen is shown in Fig. 3 , upper and middle panels. This specimen was taken approximately 5 mm away from the nearest tooth, accounting, in part, for the low degree of inflammation clinically and histologically. Except for very weak immunostaining of a few endothelial cells with MCP-1 antiserum, MCP-1 expression was not detected in the absence of inflammation. This finding was consistent in the three normal gingival tissues. In the negative control, sections incubated with normal rabbit serum, immunostaining was not detected (Fig. 1, 2, thelial and monocyte/macrophage-like cells with MCP-1 antiserum is specific.
In order to positively determine which mononuclear cells express MCP-1, experiments described in the legends to Fig.  4 and 5 were carried out. Separate serial sections immediately adjacent to one another were incubated with either (i) EBM-11 to identify monocytes/macrophages and MCP-1 antiserum or (ii) UCHT1 to identify T lymphocytes and MCP-1 antiserum. Thus, one population of cells was identified as macrophages and the other was identified as T lymphocytes. Most of the inflammatory cells not immunostained with either antibody would presumably consist of granulocytes and B lymphocytes. In Fig. 4 , the upper and lower panels show the same area in two immediately adjacent serial sections. The result suggests that cells which are identified as monocytes/macrophages (Fig. 4, upper panel) are also positive for MCP-1 immunostaining (Fig. 4, lower  panel) . In Fig. 5 , a cluster of infiltrating cells is shown in two consecutive serial sections. The cells identified in Fig. 5 , upper panel, as T lymphocytes are negative for MCP-1 expression (Fig. 5, lower panel) , whereas the cells positive for MCP-1 staining (Fig. 5, lower panel) are not immunostained for the CD3 antigen (Fig. 5, upper panel) . MCP-1 expression was consistently found in monocytes/macrophages identified with the EBM-11 antibody. In no case was MCP-1 expression identified in T lymphocytes. This observation was confirmed separately in four different tissue specimens.
To confirm MCP-1 expression at the mRNA level, in situ hybridization was performed. Figure 6 with the antisense riboprobe and are shown as clusters of silver grains over the cells (as shown by arrowheads in Fig.  6, upper panel) . In all the inflamed gingival tissues, MCP-1 mRNA expression was observed in areas of inflammatory infiltrate. In normal gingival tissues, MCP-1 expression was not detected by in situ hybridization (data not shown). The control sense probe did not hybridize to any cells in either the inflamed tissue (Fig. 6, lower panel) (17, 22) .
Recent in vivo studies have identified MCP-1 expression in certain cell types in specific disease states, such as atherosclerosis (macrophages/foam cells and smooth muscle cells) (14, 28, 30) , idiopathic pulmonary fibrosis (monocytes/ macrophages, smooth muscle cells, and pulmonary epithelial and vascular endothelial cells) (2), tumor (melanoma cells) (9) , and renal ischemia (the apical regions of the cortical and medullary thick ascending limbs as well as in the lumen of the distal nephron) (18) . Cells expressing MCP-1 might play important roles in the initiation, development, and maintenance of the inflammatory response. The expression of MCP-1 by cells such as endothelial cells may be important for the initial stimulation of monocyte chemotaxis. Once monocytes are recruited to sites of inflammation, the expression of MCP-1 by monocytes/macrophages may serve to amplify monocyte recruitment.
In bacterially induced inflammatory processes, the recruited monocytes/macrophages are important for host defense. Macrophages play an important phagocytic role in the response to bacterial infection. Cytokines released by macrophages promote many aspects of the host response. In inflamed periodontal lesions, an infiltrate consisting of lymphocytes and monocytes is readily observed. The presence of monocytes at the inflamed sites is consistent with their participation in a local host response to bacterial challenge. Macrophages may up-regulate the immune response by acting as antigen-presenting cells and secreting immunoregulatory cytokines (1) . Likewise, activated macrophages may contribute to tissue destruction such as loss of connective tissue and bone resorption associated with bacterial infection, as occurs in periodontitis (13, 16) . Factors which initiate and regulate the recruitment of monocytes are likely to be important mediators in activating the host response to bacterial colonization. Thus, the secretion of MCP-1 provides a potential mechanism to account for the recruitment of monocytes observed in bacterially induced inflammatory processes in human gingiva. 
